Abstract: This paper introduces IAFs (inverse active filters) employing CCIIs (second generation current conveyors) and grounded passive components. The IAFs enable ILP (inverse low-pass), IBP (inverse band-pass) and IHP (inverse high-pass) characteristics by adding the circuit currents. Additionally, the circuit parameters ω 0 and Q can be set orthogonally adjusting the circuit components. The achievement example is given together with simulation results by PSPICE.
Introduction


Active circuit with high performances (i.e. high frequency operation, low power dissipation, etc.) is receiving much attention. The circuit designs employing active devices such as CCIIs (second generation current conveyors) and OTAs (operational transconductance amplifiers), etc. have been reported in the literature [1] [2] [3] .
The IAF (inverse active filter) has been used to improve the characteristic deterioration in the signal transmission, and applied to the controller in some control systems, etc. In the IAF design, it is required to set the circuit parameters ω 0 , Q and H orthogonally or independently. Additionally, it is desirable to use the grounded passive components for integration. Several IAFs with active devices such as FTFNs (four-terminal floating nullors), CFOAs (current feedback operational amplifiers), the CCIIs and OTAs have been reported in the past [4] [5] [6] [7] [8] [9] . The IAFs [4] [5] [6] [7] with the FTFNs and CFOAs used ungrounded passive components on the device's properties. Moreover, a study [8] reported an IBP (inverse band-pass) filter employing the CCIIs, and it is applied to a PID controller. However, as the x-terminal of the CCII is loaded by the capacitor, it leads to improper circuit response by the x-terminal resistance at high frequency region. The CCII-based IAF with the mentioned points above has not yet been studied sufficiently.
This paper introduces three IAFs employing the CCIIs and grounded passive components. In the IAFs, all the x-terminals of the CCIIs are grounded through the resistors. The filter circuits enable the ILP (inverse low-pass), IBP and IHP (inverse high-pass) characteristics by adding the circuit currents, and the circuit parameters ω 0 and Q can be set orthogonally by the circuit passive components. Additionally, the voltage-mode IAFs are presented utilizing the current-mode ones.
The design example is given with simulation results by PSPICE.
CCII
As the CCII is a current controlled current source, it is suitable for high frequency operation. Additionally, it can be applied to not only the voltage-mode circuit but also the current-mode one. where the sign ± denotes the polarity of the current output I z at z-terminal. 
Circuit Configuration and Analysis
where the current output I o (s) = I 1 (s) + I 3 (s) + I 4 (s).
The circuit parameters ω 0, Q and H become as follows, respectively: 
Thus, the ILP and IBP characteristics can be achieved.
In Fig. 3c , the circuit transfer function T IHP (s) is given as:
where the current output I o (s) = I i (s) + I 2 (s) + I 3 (s).
The circuit parameters ω 0 , Q and H become the next equations.
The IHP characteristic can be realized. Moreover, Eqs. (4), (5) and (7) above show the circuit parameters can be set orthogonally according to the circuit passive components.
The voltage-mode IAFs can be constructed with the current-mode IAFs as shown in Fig. 4 . Here, the output voltage V out (s) can be obtained converting the current output I out of the current-mode IAF to voltage. In the voltage-mode IAFs, the filter characteristics and circuit parameters ω 0 and Q are same as the current-mode ones. They gain constants H ILP = R b / R a , H IBP = R a R 3 / R b R 2 and H IHP = R a / R b , respectively. Thus, the ILP, IBP and IHP characteristics can be achieved as well as the current-mode IAFs.
Design Example and Simulation Results
As a design example, we tried to achieve current-mode ILP, IBP and IHP characteristics with f 0 (= ω 0 /2π) = 500 kHz, Q = 1.0 and H = 1.0. In this simulation, we have used a macro model of the CCII shown in Fig. 2 .
The simulated ILP, IBP and IHP responses with PSPICE are shown in Figs. 5a-5c , respectively. The marks show the simulation responses, meanwhile the solid lines are the ideal ones. Here, the resistors R i , the capacitors C i , the bias current I b and power dissipations P are listed in Table 1 . Also, we have set the input current and the power supply voltage The sizes of the MOS transistors are listed in Table 2 . And other device parameters were used the parameters from MOSIS 0.5 μm.
Conclusions
The The non-idealities (e.g. voltage and current tracking errors) of the CCII affect the filter characteristics. The effect on the non-idealities must be discussed further.
